The article deals with monitoring the stability of the geodetic base Skalka. The introduction of the article briefly describes the history and purpose of the geodetic base Skalka, gradually resulting in the current characteristics of the base. The main part of the article deals with monitoring the stability of points of the inner and partly outer part of the base. The result is the evaluation of performed geodetic works with the assessment of the testing base stability. Identified vertical and horizontal shifts show that the base can be considered stable in terms of both geological and geodetic points of view.
INTRODUCTION
The test base Skalka, originally a national satellite station, is located in the village of Kostelní Střimelice. Originally, this part of the Pecný geodetic observatory was used to observe artificial Earth satellites; since 2000, the base Skalka has been used to test the functionality of GNSS apparatus.
The Skalka base lies mainly on bedrock of the Skalka hill. From the geological point of view, it is a very stable area, but still the base stability must be inspected and surveyed on a regular basis. The base is also measured by the GNSS technology when the survey results are used to draw up calibration protocols. These measurement results are not included in the stability assessment as they are the result of the testing complex "meter + software + GNSS equipment".
When testing the complex, the survey method (the accuracy of centration over points of the outer base, the method of determining the antenna height) and the subsequent data processing are assessed. Based on the size of deviations between reference and determined coordinates, calibration protocols must be drawn up. As the reference coordinates, the coordinates and heights determined using classical geodetic methods with high precision are taken.
HISTORY AND PRIMARY PURPOSE OF GEODETIC BASE SKALKA
According to [1] , the Geodetic Observatory Skalka, originally the National Satellite Station Skalka, was built as an out-station of the Geodetic Observatory Pecný from 1962 to 1966. The main idea of the station was the utilization of the National Satellite Station for observations of artificial Earth satellites. Originally, the station should be located in the area of the Geodetic Observatory Pecný, but due to filling the observatory with astronomical instruments and observational houses preventing a good view to the horizon, the satellite station was built on a bare hill of Skalka.
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Volume The satellite observations at the Skalka station were performed mainly by means of a photogrammetric method using stationary chambers Rb-75, Fig. 1 . In 1969, according to [1] , the position of Šankovský Grúň in the eastern Slovakia in relation to a point on Skalka was experimentally determined, using simultaneous observations of artificial Earth satellites. In 1969, the satellite chamber SBG (producer Carl-Zeiss Jena (GDR)) was installed at the observatory. In 1970, the first Czechoslovak laser rangefinder to measure the distances to satellites was tested in this chamber, see Fig.1 . The rangefinder was equipped with a pulsed laser; the optical system of the chamber was then adapted for receiving reflected signals. In the years 1984 -1989, groups of surveyors from the USSR performed two surveying campaigns of Doppler observations of NNSS Transit navigation satellites on Skalka. The photographic methods for monitoring artificial Earth satellites were completed in 1990. In 1991, the first GPS receiver was obtained, which was installed at the Geodetic Observatory Pecný. The receiver was used for GPS measurements in networks and for experiments only, and thus the primary importance of the Skalka station, i.e. observations of artificial Earth satellites, fell off. Since 1995, permanent GPS observations have been made at the Geodetic Observatory Pecný, performed mainly for the International GNSS Service (IGS). The data from permanent observations is sent e.g. to the GDDIS data centre where the data is used to determine the parameters of rotation of Earth and orbits. In
Volume LVIII (2012) 1999-2000, the base for testing GNSS equipment was built at the Geodetic Observatory Skalka, and thus its importance for the field of satellite geodesy increased again.
SKALKA, TEST BASE FOR GNSS EQUIPMENT
Test test base Skalka, Fig. 3 , was built in 1999 by the Research Institute of Geodesy, Topography and Cartography in the area of the then Astronomical and Geodetic Observatory. The reason for building the base was the need to authenticate the GPS apparatus functionality, user software as well as the way of measurement by means of the apparatus and the subsequent evaluation of the measured data.
The base is divided into 3 parts -an inner base, outer base and connecting base. Each part of the base has different monumentation and performs different functions as well.
The inner part of the base is formed by five pillars with a forced centring system. The distribution of the pillars network is adapted to suit the requirement to ensure a free horizon above the horizon of about 10° as well as mutual visibility between the pillars. The coordinates of this part of the base are designed with the greatest possible precision. The maximum distance between the points is 224 m and the elevation is about 21 m. Two raised pillars spaced about 3 m are a part of the inner base. These pillars are used to identify positions of phase centres.
The outer base consists of three points of photogrammetric testing field control, levelling point and trigonometric point. The points are monumented with granite beams and fitted with a protective stave. This part of the base is used for verifying practical use of GPS [6] by means of a tripod and also for measuring the antenna height above the point.
According to [2] , the connecting base consists of the GOPE station of IGS and EUREF permanent services, and then the trigonometric point Pecný (which was used in the first international GPS campaign in Czechoslovakia EUREF-CS-H/91 in 1991). The GOPE point is the reference point of the International Terrestrial Reference System (ITRS), which enables accurate connecting test measurements to the current geocentric system. According to [3] , the Pecný point is monumented with a granite prism sealed to the base of the surveying tower with concrete. On the upper gallery, there is a central pillar of the tower, which is used for weighing the trigonometric point. Six pillars are symmetrically deployed around the central pillar. The Pecný point is secured with four locking points. 
MONITORING BASE STABILITY
The term of monitoring stability is meant to be the finding out of horizontal and vertical shifts of points between individual measured stages. Surveying the inner and partly the outer base was made in the years 2000 to 2012. The height point stability was measured in a trigonometric way and also using the precise levelling. The positional stability was verified by means of the radius bar method.
The instrumentation used for surveying was always the most precise one for the certain time and had calibration protocols.
The survey was performed with classical geodetic methods, and for a subsequent calculation and alignment of coordinates, the local coordinate system was used, Fig. 4 . According to [4] , the origin of the local coordinate system is in the point 15 (y = 0 m and x = 0 m) and the positive X-axis is inserted into the point 11 (y=0 m, x=s 11, 15 ). The starting point for the trigonometric determination of heights is the point 13 (z = 100 m).
Fig. 4 Local coordinate system with recording positions of points
The surveying methodology was the same in all phases. For the spatial determination of points, directions were measured (horizontal and vertical ones) in two groups, and lengths were measured bidirectionally. The precise levelling was measured 2 times within the vertical indication field. Fig. 4 indicates the orientation of axes in the local system as well as the situation with the deployment of surveyed points. Total measurements were performed at all points of the inner base and two closest points of the outer base.
Instrumentation and its accuracy
The instrumentation used for surveying was always the most precise one for the certain time, and had calibration protocols.
In 2000, according to [7] , the base was spatially surveyed by Kateřina Plecháčková, a student of the Faculty of Civil Engineering of the Czech Technical University in Prague. The student used the theodolite Wild T3000 with angular accuracy of ± 5mgon for angular measurements and for distance measurements -the electro-optical rangefinder Wild DI2000 with the accuracy of length determination of 1 mm +1 ppm.
In 2001, according to [8] , the base heights were verified by the precise levelling. The participants of measurements were Ing. Vojtech Pálinkáš and Ing. Jakub Kostelecký. To verify the heights, the levelling device Zeiss Koni 007 and 3 m long levelling rod graduated by 5mm, were used.
In 2005, [9] , the base was spatially surveyed by Ing. Jiří Lechner, CSc., Ing. Ilya Umnov and Ing. Mark Krátký. The total station Leica TCA 2003 was used for measurements with an angular accuracy of ± 0.15 mgon and length precision of 1 mm +1 ppm. The base was subsequently measured by means of the precise levelling method using the levelling device Zeiss H05 with an invar levelling rod.
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Volume LVIII (2012) In 2008, according to [4] , a survey was performed by Ivan Majorník, a student of the Faculty of Civil Engineering of the Czech Technical University in Prague, within his bachelor's thesis. The student used the universal electrooptical theodolite Leica TCA2003 for surveying. The instrument measures lengths with an accuracy of 1 mm +1 ppm and angles with an accuracy of ± 0.15 mgon.
For the last time, the base was surveyed by the authors Ing. Marie Subiková and Ing. Rostislav Dandoš. The survey was performed using the spatial polar method and heights were also verified by the method of precise levelling. For the spatial surveying, the Leica TS30 total station was used, with an accuracy of measuring lengths of 1mm +1 ppm and angular accuracy of ± 0.05 mgon. To verify the heights, the Leica DNA03 Digital Levelling Device was used with a moderate mileage error of ± 0.2 mm and a code invar rod.
Monitoring position stability
According to [5] , it is possible to perform a comparison of positional coordinates of individual stages within the previous measurements. The comparison was always carried out in relation to the first stage (2000). It is possible to carry out a mutual comparison of individual stage, but due to the fact that Tab. 2 shows millimetre horizontal shifts in comparison with the measurements performed between 2000 and 2012, there is no need for further comparisons. The coordinates given in Tab. 1 are calculated based on the formula (1) and then aligned within the network. [mm]
Tab. 1 Coordinates of points in the local network using a classical geodesy method
Δx 2000, 2005 [mm]
Δp 2000, 2005 [mm]
Δy 2000, 2007 [mm]
Δx 2000, 2007 [mm]
Δp 2000, 2007 [mm]
Δy 2000, 2012 [mm]
Δx 2000, 2012 [mm]
Δp 2000, 2012 [mm] 
Monitoring height stability
In the area of the base being surveyed, the Vertical Indication Field Pecný is located, which is a part of the levelling line of the second order Jac Nespeky-Oleška. The levelling line in the area of Skalka is led through individual points of the indication field, through the gravity point and also through levelling marks located on the tops of pillars. The point stability is assessed on the basis of differences in height between the point 13, which is taken as the starting point when determining trigonometric heights, and the other base points. The heights are determined in a trigonometric way based on the relationship (3). The formula (4 a, b), i.e. the calculation of the difference in elevation between the point 13 and j and the calculation of vertical shifts, is valid for heights determined in a trigonometric way, Tab. 3, or by the method of precise levelling, Tab. 4.
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CONCLUSIONS
This paper describes the way in which the stability of points of the geodetic base Skalka is monitored. The base is part of the Geodetic Observatory Pecný and originally served to observations of artificial Earth satellites. At present, the base is used primarily to testing the GPS apparatus. The testing is performed on the basis of the distance between the determined coordinates and the reference coordinates.
The base was built in 1999-2000 and since then it has been being regularly measured. Based on these measurements, the stability of the base, horizontal and vertical shifts in relation to the initial stage measured in 2000, is determined. Measurements are always carried out with the latest and most accurate geodetic instruments. Coordinates of base points are calculated in a local system, Fig. 4 , and heights are calculated in a trigonometric way in relation to the point 13 and, from the levelling point of view, are related to the vertical indication field which is built on the premises. Vertical shifts were also determined in a trigonometric way, which is a less accurate method, but even so the differences range from -3 to 3 mm. The exception is the points 31 and 32 at which the vertical shift is about 1cm. This variation may be due to the inaccurate determination of the machine height over the point monumentation of the outer base, as it is not exactly possible to assign the end of the band to the defined point. Given that the points 31 and 32 are monumented by the "classical" geodesic monumentation, the vertical shift could occur during the monitored period as well.
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RESUMÉ
Ověření funkčnosti a správnosti klasických geodetických přístrojů i GNSS aparatur je v současné době považována za zcela běžnou. Klasické geodetické přístroje se ověřují v autorizovaných metrologických střediscích, případně v oprávněných laboratořích. Funkčnost GNSS aparatur se v České republice ověřuje pouze na geodetické základně Skalka.
The article deals with monitoring the stability of the geodetic base Skalka. Základna se nachází v obci Kostelní Střimelice, na vrchu Skalka a je součástí Geodetické observatoře Pecný. Původně základna sloužila k fotografickým pozorováním umělých družic Země, ale v současné době je využívána hlavně k testování GNSS aparatur. Základna je rozdělena na tři části a každá část plní jinou funkci a má jiný druh stabilizace. Vnitřní část základny slouží k ověření funkčnosti GNSS aparatury a k stanovení polohy fázových center antény přijímače. Vnější, technická část základny ověřuje způsob horizontace a centrace GNSS aparatury nad bodem a také způsob určování výšky antény. Poslední část základny slouží k navázání testovacích měření na aktuální geocentrický systém.
Stěžejní části článku je sledování stability bodů vnitřní a částečně i vnější části základny. Souřadnice bodů základny jsou určovány s vysokou přesností polární prostorové metody a kontrolně jsou výšky proměřeny přesnou nivelací. Základna byla proměřena v letech 2000 až 2012, kdy pro zaměření byla použita nejmodernější technika na tehdejší dobu. Stabilita základny se posuzuje na základě horizontálních a vertikálních posunů. Vertikální a horizontální posuny, zjištěné při porovnání měření z let 2000 až 2012 vykazují maximální posun ±3mm. Lze tedy prohlásit, že geodetická základna je stabilní a zjištěné posuny jsou vzhledem k rozloze celé základny zanedbatelné.
